Angiotensin II: its effects on fever and hypothermia in systemic inflammation.
Angiotensin II (ANG II), a bioactive peptide that plays important roles in blood-pressure and body-fluid regulation, has recently been reported to be involved in normal thermoregulation and fever. In the case of thermoregulation, ANG II lowers body temperature when administered centrally or systemically (i.e. "exogenous" ANG II acts as a hypothermia-inducing agent). In contrast, "endogenous" ANG II is involved both in heat-loss responses in a hot environment and in thermogenesis in the cold. It therefore seems likely that endogenous ANG II is involved in maintaining body temperature at the set-point. In the case of fever, it has been reported that endogenous brain ANG II and its type 1 receptor mediate or modulate the fever induced by "restraint stress". At the final step in "pyrogen-induced" fever, brain ANG II facilitates the fever induced by prostaglandin E2 (PGE2) through its action on the type 2 receptor, whereas at its first step the lipopolysaccharide (LPS, 2 microg/kg, i.v.)-induced production of pyrogenic cytokines [such as interleukin-1 (IL-1)] involves an action of endogenous ANG II through its type 1 receptor. On the other hand, it is well known that a very high dose of LPS (50-5000 microg/kg) injected systemically induces hypothermia in rodents. This hypothermia is presumably initiated by tumor necrosis factor (TNF). Since ANG II contributes to the LPS-induced production of cytokines such as IL-1beta, as described above, it is possible that the generation of TNF by LPS involves an action of ANG II, too, and that this TNF production leads to the LPS-induced hypothermia. Together, these findings suggest that ANG II and its receptors make a number of contributions to normal thermoregulation, to fever, and to the hypothermia in systemic inflammation.